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TEMPERATURE -SENSING WAFER POSITION DETECTION SYSTEM AND METHOD 

Field of the Invention 
[001] The present invention relates to systems and methods used 
to fabricate integrated circuits on semiconductor wafer 
substrates. More particularly, the present invention relates to 
a system and method which is capable of sensing the position of a 
wafer on a bake plate by measuring a temperature change in the 
bake plate after placement of a wafer onto the bake plate. 

Background of the Invention 
[002] The fabrication of various solid state devices requires the 
use of planar substrates, or semiconductor wafers, on which 
integrated circuits are fabricated. The final number, or yield, 
of functional integrated circuits on a wafer at the end of the IC 
fabrication process is of utmost importance to semiconductor 
manufacturers, and increasing the yield of circuits on the wafer 
is the main goal of semiconductor fabrication. After packaging, 
the circuits on the wafers are tested, wherein non- functional 
dies are marked using an inking process and the functional dies 
on the wafer are separated and sold. IC fabricators increase the 
yield of dies on a wafer by exploiting economies of scale. Over 
1000 dies may be formed on a single wafer which measures from six 
to twelve inches in diameter. 
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[003] Various processing steps are used to fabricate integrated 
circuits on a semiconductor wafer. These steps include 

deposition of a conducting layer on the silicon wafer substrate; 
formation of a photoresist or other mask such as titanium oxide 
or silicon oxide, in the form of the desired metal 
interconnection pattern, using standard lithographic or 
photolithographic techniques; subjecting the wafer substrate to a 
dry etching process to remove the conducting layer from the areas 
not covered by the mask, thereby etching the conducting layer in 
the form of the masked pattern on the substrate; removing or 
stripping the mask layer from the substrate typically using 
reactive plasma and chlorine gas, thereby exposing the top 
surface of the conductive interconnect layer; and cooling and 
drying the wafer substrate by applying water and nitrogen gas to 
the wafer substrate. 

[004] Photoresist materials are coated onto the surface of a 
wafer by dispensing a photoresist fluid typically on the center 
of the wafer as the wafer rotates at high speeds within a 
stationary bowl or coater cup. The coater cup catches excess 
fluids and particles ejected from the rotating wafer during 
application of the photoresist. The photoresist fluid dispensed 
onto the center of the wafer is spread outwardly toward the edges 
of the wafer by surface tension generated by the centrifugal 
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force of the rotating wafer. This facilitates uniform 

application of the liquid photoresist on the entire surface of 
the wafer. 

[005] During the photolithography step of semiconductor 
production, light energy is applied through a reticle mask onto 
the photoresist material previously deposited on the wafer to 
define circuit patterns which will be etched in a subsequent 
processing step to define the circuits on the wafer. A reticle 
is a transparent plate patterned with a circuit image to be 
formed in the photoresist coating on the wafer. A reticle 
contains the circuit pattern image for only a few of the die on a 
wafer, such as four die, for example, and thus, must be stepped 
and repeated across the entire surface of the wafer. In 
contrast, a photomask, or mask, includes the circuit pattern 
image for all of the die on a wafer and requires only one 
exposure to transfer the circuit pattern image for all of the 
dies to the wafer. 

[006] The numerous processing steps outlined above are used to 
cumulatively apply multiple electrically conductive and 
insulative layers on the wafer and pattern the layers to form the 
circuits. The final yield of functional circuits on the wafer 
depends on proper application of each layer during the process 
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steps. Proper application of those layers depends, in turn, on 
coating the material in a uniform spread over the surface of the 
wafer in an economical and efficient manner. 

[007] A typical method of forming a circuit pattern on a wafer 
includes introducing the wafer into the automated track system 
and then spin-coating a photoresist layer onto the wafer. The 
photoresist is next cured by conducting a soft bake process. 
After it is cooled, the wafer is placed in an exposure apparatus, 
such as a stepper, which aligns the wafer with an array of die 
patterns etched on the typically chrome-coated quartz reticle. 
When properly aligned and focused, the stepper exposes a small 
area of the wafer, then shifts or "steps" to the next field and 
repeats the process until the entire wafer surface has been 
exposed to the die patterns on the reticle. The photoresist is 
exposed to light through the reticle in the circuit image 
pattern. Exposure of the photoresist to this image pattern 
cross-links and hardens the resist in the circuit pattern. After 
the aligning and exposing step, the wafer is exposed to post- 
exposure baking and then is developed and hard-baked to develop 
the photoresist pattern. 

[008] The circuit pattern defined by the developed and hardened 
photoresist is next transferred to the underlying metal 
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conductive layer using a metal etching process, in which metal 
over the entire surface of the wafer and not covered by the 
cross -linked photoresist is etched away from the wafer with the 
metal under the cross-linked photoresist that defines the circuit 
pattern protected from the etchant. As a result, a well-defined 
pattern of metallic microelectronic circuits which closely 
approximates the cross-linked photoresist circuit pattern remains 
in the metal layer. 

[009] Spin coating of photoresist on wafers, as well as the other 
steps in the photolithographty process, is typically carried out 
in an automated coater/developer track system using wafer 
handling equipment which transport the wafers between the various 
photolithography operation stations, such as vapor prime resist 
spin coat, develop, baking and chilling stations. Robotic 
handling of the wafers minimizes particle generation and wafer 
damage. Automated wafer tracks enable various processing 
operations to be carried out simultaneously. Two types of 
automated track systems widely used in the industry are the TEL 

(Tokyo Electron Limited) track and the SVG (Silicon Valley Group) 
track. 



[0010] At the hard bake step of photolithography, a wafer 
transfer robot transfers the wafer onto a bake plate, which heats 
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the wafer to a temperature of typically about 120-140 degrees C 
for positive resists. The hard bake step evaporates the 
remaining photoresist solvent and improves adhesion of the resist 
to the wafer surface. The hard bake step stabilizes the resist 
following etch or implant processing. Both the bake plate target 
temperature and proper positioning of the wafer on the bake plate 
are critical for uniform thermal transmission from the bake plate 
to the wafer. Proper positioning of a wafer on a bake plate is 
particularly important for 0.13 /xm technology applications and 
for wafers having a 12" diameter. 

[0011] To ensure proper positioning of the wafer on the bake 
plate, the transfer position of the wafer onto the bake plate 
must typically be verified by a process engineer at each PM 
cycle. During processing, however, particles can fall off of 
wafers onto the bake plate and render abnormal the positioning of 
the wafer on the bake plate. Such abnormal positioning can be 
difficult to verify and is frequently manifested by a broken 
wafer or abnormal CD bias or uniformity in the devices fabricated 
on the wafer. Accordingly, a real-time wafer position-detecting 
system and method is needed to precisely indicate whether a wafer 
is properly positioned on a bake plate prior to commencement of a 
bake process in semiconductor photolithography. 
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[0012] An object of the present invention is to provide a novel 
real-time wafer position-detecting system which can be used to 
determine whether a wafer is properly positioned on a bake plate. 

[0013] Another object of the present invention is to provide a 
novel wafer position-detecting system which is applicable to 
photolithography and other semiconductor processes. 

[0014] Still another object of the present invention is to 
provide a novel temperature-sensing wafer position detection 
system. 

[0015] Yet another object of the present invention is to provide 
a novel wafer position detection system which includes a bake 
plate and a temperature -sensing apparatus which engages the bake 
plate and measures the change in temperature (AT) of the bake 
plate over a specified time interval to determine whether the 
wafer is properly or improperly positioned on the support. 

[0016] A still further object of the present invention is to 
provide a real-time wafer position-detecting method which 
includes setting a bake plate at a temperature set point, 
transferring a wafer onto the bake plate, measuring the change in 
temperature (AT) of the bake plate over a specified time 
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interval, determining whether the wafer is improperly positioned 
on the wafer support based on the change in temperature, and 
aborting a bake process in the event that the wafer is improperly 
positioned on the bake plate. 

Summary of the Invention 
[0017] In accordance with these and other objects and advantages, 
the present invention is generally directed to a novel 
temperature- sensing wafer position detection system which uses 
temperature to determine whether a wafer is properly positioned 
on a bake plate prior to commencement of a photolithography 
baking process, for example. The system includes a bake plate 
and a temperature-sensing apparatus which engages the bake plate 
and measures the change in temperature (AT) of the bake plate 
over a specified time interval to determine whether the wafer is 
properly or improperly positioned on the support. In the event 
that the AT of the bake plate is equal to or greater than a given 
temperature change threshold value (such as 1% of the temperature 
set point for the bake plate) over a specified time period (such 
as 10 seconds) , this indicates that the wafer is properly 
positioned for processing. In the event that the AT of the bake 
plate falls below the given temperature change threshold value 
over the specified time period, this indicates that the wafer is 
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improperly positioned for processing and the bake process is 
aborted. 

[0018] The present invention is further generally directed to a 
novel real-time wafer position-detecting method which includes 
setting a bake plate at a temperature set point, transferring a 
wafer onto the bake plate, measuring the change in temperature 
(AT) of the bake plate over a specified time interval, 
determining whether the wafer is properly positioned on the bake 
plate based on the change in temperature, and aborting a bake 
process in the event that the wafer is improperly positioned on 
the bake plate. The system and method of the present invention 
ensures proper positioning of the wafer on the bake plate for 
optimum thermal transfer from the hot plate to the wafer during a 
photolithography bake process, for example. 

Brief Description of the Drawings 
[0019] The invention will now be described, by way of example, 
with reference to the accompanying drawings, in which: 

[0020] Figure 1 is a cross-sectional, partially schematic, view 
of a bake plate element of the temperature- sensing wafer position 
detection system of the present invention; 
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[0021] Figure 2 is a schematic view of the wafer position 
detection system of the present invention; 

[0022] Figure 3A is a cross-sectional, partially schematic, view 
of the bake plate of Figure 1, illustrating a normal position of 
a wafer on the bake plate in operation of the wafer position 
detection system of the present invention; 

[0023] Figure 3B is a cross-sectional, partially schematic, view 
of the bake plate of Figure 1, illustrating an abnormal position 
of a wafer on the bake plate in operation of the wafer position 
detection system of the present invention; and 

[0024] Figure 4 is a flow diagram illustrating sequential process 
steps according to the wafer position-detecting method of the 
present invention . 

Detailed Description of the Invention 
[0025] The present invention contemplates a novel temperature- 
sensing wafer position detection system which uses a change in 
temperature over a specified time interval to determine whether a 
wafer is properly positioned on a bake plate prior to 
commencement of a photolithographic photoresist -baking process, 
for example. The system includes a bake plate and a temperature- 
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sensing apparatus which engages the bake plate and measures the 
change in temperature (AT) of the bake plate over a specified 
time interval after transfer of the wafer onto the bake plate. A 
microprocessor or computer is operably connected to the 
temperature-sensing apparatus to determine whether the wafer is 
properly or improperly positioned on the support, based on the AT 
of the bake plate over the specified time interval. The 
microprocessor may be operably connected to a system controller 
which controls the baking process in order to abort the process 
in the event that the wafer is improperly positioned on the bake 
plate . 

[0026] In the event that the wafer is placed in a normal position 
on the bake plate, the normal placement position will be revealed 
by a bake plate AT which is equal to or greater than a given 
temperature change threshold value over the specified time 
period. Accordingly, processing of the wafer can proceed. On 
the other hand, placement of the wafer in an abnormal or improper 
position on the bake plate will be revealed by a bake plate AT 
which is less than the given temperature change threshold value 
over the specified time period. The bake process is then aborted 
and corrective measures are taken to ensure proper positioning of 
subsequent wafers on the bake plate. 
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[0027] The present invention further contemplates a novel real- 
time wafer position-detecting method which includes setting a 
bake plate at a temperature set point, transferring a wafer onto 
the bake plate, measuring the change in temperature of the bake 
plate over a specified time interval, determining whether the 
wafer is properly positioned on the bake plate based on the 
change in temperature, and aborting a bake process in the event 
that the wafer is improperly positioned on the bake plate, 

[0028] The measured change in temperature (AT) of the bake plate 
is compared to a temperature change threshold value for a 
specified time period to determine whether the wafer is properly 
positioned on the bake plate. Preferably, the temperature change 
threshold value is 1% of the set point temperature over a time 
interval of 10 seconds. Normal positioning of the wafer on the 
bake plate is expressed by the following algorithm: AT >= 
Temperature set point * 1% during 10 seconds after transfer of 
the wafer onto the bake plate. Accordingly, if the temperature 
of the bake plate rises by at least one percent of the set point 
temperature during the first ten seconds after transfer of the 
wafer onto the bake plate, then the wafer is properly positioned 
for the bake process. 
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[0029] Abnormal positioning of the wafer on the bake plate is 
expressed by the following algorithm: AT < Temperature set point 
* 1% during 10 seconds after transfer of the wafer onto the bake 
plate. Accordingly, if the temperature of the bake plate fails 
to rise by at least one percent of the set point temperature 
during the first ten seconds after transfer of the wafer onto the 
bake plate, this indicates that the wafer is improperly 
positioned on the bake plate to begin the bake process. The bake 
process is then aborted and corrective measures are taken to 
ensure proper positioning of subsequent wafers on the bake plate. 

[0030] An illustrative embodiment of the temperature-sensing 
wafer position detection system, hereinafter referred to as the 
system, of the present invention is generally indicated by 
reference numeral 10 in Figure 2. The system 10 includes a bake 
plate 12 which supports and bakes a photoresist layer (not shown) 
on a semiconductor wafer 42 to harden and develop the photoresist 
in a photolithography process. The bake plate 12 includes a 
temperature-sensing apparatus 26. In operation of the system 10, 
which will be hereinafter described, the temperature-sensing 
apparatus 2 6 measures a change in temperature of the bake plate 
12 after placement of a wafer 42 on the bake plate 12. This 
change in temperature indicates whether the wafer 42 is properly 
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positioned on the bake plate 12 for implementation of the baking 
process . 

[0031] A microprocessor 34 is operably connected to the 
temperature -sensing apparatus 2 6 for determining whether the 
wafer 42 is properly positioned on the bake plate 12 to begin the 
baking process, based on the change in temperature of the bake 
plate 12 over a selected time interval, as hereinafter described. 
A track system controller 36 controls the wafer transfer and 
baking processes. The track system controller 36 is operably 
connected to the microprocessor 34 for aborting the baking 
process in the event that the wafer 42 is improperly positioned 
on the bake plate 12, responsive to input from the microprocessor 
34 . 

[0032] A wafer transfer robot 38 includes a robot arm 40 for 
carrying the wafer 42. The wafer transfer robot 38 is operably 
connected to the track system controller 36 for transferring the 
wafer 42 onto the bake plate 12, responsive to input from the 
track system controller 36. 

[0033] The structural details of the bake plate 12 are shown in 
Figure 1. The bake plate 12 includes a thermally-conductive 
plate body 14. Interior heating elements (not shown) provided in 
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the plate body 14 are operably engaged by the track system 
controller 36 for heating the plate body 14 to a selected set 
point temperature, typically in conventional fashion. The plate 
body 14 has an upper heating surface 16 from which heat radiates 
by convection during operation of the bake plate 12. An annular 
wafer guide 2 0 extends from an annular base 22 which 
circumscribes the heating surface 16. 

[0034] The temperature -sensing apparatus 26 includes a pyrometer 
support 28, from which extends multiple pyrometers 30. The 
pyrometers 30 extend through respective pyrometer openings 32 
that extend through the plate body 14. The pyrometers 3 0 open 
onto the heating surface 16 and communicate with the heating 
space 18. Typically, the temperature -sensing apparatus 26 
includes at least three pyrometers 30 which are substantially 
evenly distributed on the heating surface 16 to accurately 
measure the temperature of the heating surface 16, as hereinafter 
described . 

[0035] As further shown in Figure 1, in operation of the bake 
plate 12, which will be hereinafter further described, a wafer 42 

(in phantom) normally rests on the base 22, inside the wafer 
guide 20. A heating space 18 is defined between the wafer 42 and 
the upper heating surface 16 of the plate body 14. When the 
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wafer 42 is seated in the normal position on the base 22, heat 
radiates upwardly from the heating surface 16 and heats the wafer 
42 by convection through the heating space 18. The wafer 42, 
wafer guide 2 0 and base 22 prevent most of the heat from escaping 
the heating space 18, such that the wafer 42 is heated to the set 
point temperature, which is selected typically using the track 
system controller 36. 

[0036] Referring next to Figures 2-4, typical operation of the 
system 10 is as follows. First, as indicated in step 1 of Figure 
4, the selected set point temperature for the bake plate 12 is 
initially programmed typically into the track system controller 
36. Accordingly, the track system controller 36 begins to heat 
the bake plate 12 to the set point temperature. However, the 
bake plate 12 can be maintained at the set point temperature only 
if a wafer 42 is subsequently positioned on the base 22 in a 
proper manner to close and prevent excess heat from escaping the 
heating space 18. Therefore, the temperature of the bake plate 
18 typically stabilizes at a few degrees below the set point 
temperature . 



[0037] Once the temperature of the bake plate 18 stabilizes below 
the set point temperature, the track system controller 3 6 
actuates the wafer transfer robot 38 to transfer the wafer 42 
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onto the bake plate 12, as indicated in step 2 of Figure 4. 
Next, as shown in step 3, the temperature- sensing apparatus 26 
measures the change in temperature (AT) of the heating surface 16 
which occurs during a selected time interval (typically 10 
seconds) after placement of the wafer 42 onto the bake plate 12. 
During the selected time interval, the AT of the heating surface 
16 is continually transmitted from the temperature- sensing 
apparatus 2 6 to the microprocessor 34 as a temperature data 
signal 44. Upon expiration of this time interval, the track 
system controller 36 transmits a "transfer finish" trigger signal 
46 to the microprocessor 34 to notify the microprocessor 34 that 
the transfer operation has been completed. 

[0038] As indicated in step 4 of Figure 4, the microprocessor 34 
uses the AT data obtained from the temperature data signal 44 
over the selected time interval to determine whether the wafer 42 
is properly positioned on the bake plate 12. In the event that 
the wafer 42 is properly positioned on the bake plate 12, as 
shown in Figure 3A, the wafer 42 is seated on the base 22 and 
completely closes the heating space 18. Accordingly, heat 
radiates by convection upwardly from the heating surface 16, 
across the heating space 18 to the wafer 42. 
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[0039] Because heat is prevented from escaping the heating space 
18, the temperature of the heating surface 16 steadily rises up 
to the set point temperature. Accordingly, during the selected 
time interval which follows initial placement of the wafer 42 
onto the bake plate 12, the temperature of the heating surface 16 
rises by at least 1% of the set point temperature. Thus, a bake 
plate AT of equal to or greater than 1% over the selected time 
interval is interpreted by the microprocessor 34 as normal 
positioning of the wafer 42 onto the bake plate 12. (As an 
example, for a set point temperature of 150 degrees C, the bake 
plate AT must be at least 1.5 degrees C over the selected time 
interval to indicate a normal position of the wafer 42) . 
Therefore, the microprocessor 34 allows the track system 
controller 36 to begin the baking process, as indicated in step 5 
of Figure 4. After completion of the baking process, continued 
semiconductor fabrication processing is carried out, as indicated 
in step 6. 

[0040] As shown in Figure 3B, due to the presence of particles or 
a broken wafer piece or pieces 48, for example, on the heating 
surface 16, the wafer 42 may be abnormally or improperly 
positioned on the bake plate 12 by the wafer transfer robot 38. 
Accordingly, the wafer 42 is incompletely seated on the base 22, 
and a gap 50 is therefore formed between the base 22 and the edge 
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of the wafer 42 . Consequently, heat 52 radiates by convection 
upwardly from the heating surface 16 and escapes from the heating 
space 18 through the gap 50. Thus, the temperature of the 
heating surface 16 rises toward the set point temperature at a 
slower rate than is the case when the wafer 42 is properly 
positioned on the bake plate 12, as shown and heretofore 
described with respect to Figure 3A. 

[0041] During the selected time interval after initial placement 
of the wafer 42 onto the bake plate 12, the temperature of the 
heating surface 16 rises by less than 1% of the set point 
temperature. Thus, a bake plate AT of less than 1% during the 
selected time interval is interpreted by the microprocessor 34 as 
abnormal or improper positioning of the wafer 42 on the bake 
plate 12. (As an example, for a set point temperature of 150 
degrees C, the bake plate AT must be less than 1.5 degrees C over 
the selected time interval to indicate an abnormal or improper 
position of the wafer 42) . 

[0042] The microprocessor 34 therefore transmits an abort signal 
54 to the track system controller 36. As indicated in step 5a of 
Figure 4, the track system controller 36, in turn, discontinues 
or aborts the baking process, such that corrective measures can 
be made to ensure proper placement of subsequent wafers on the 
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bake plate 12, as indicated in step 6a. After the corrective 
measures are completed, the procedure returns to step 2, wherein 
each wafer 42 is transferred from the wafer transfer robot 3 8 
onto the bake plate 12, as indicated in step 7a. 

[0043] While the preferred embodiments of the invention have 
been described above, it will be recognized and understood that 
various modifications can be made in the invention and the 
appended claims are intended to cover all such modifications 
which may fall within the spirit and scope of the invention. 
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